A B S T R A C T CHD2 gene has been described in association with different types of childhood myoclonic epilepsy and is emerging as a gene involved in photosensitivity alone or combined with epilepsy. Recent studies suggest that CHD2 could be responsible for a proper phenotype characterized by infantile-onset generalized epilepsy, intellectual disability, and photosensitivity and in particular with self-induced seizures.
Introducion
Chromodomain helicase DNA-binding protein 2 (CHD2) gene mutations have been recently reported in relation with various types of childhood epilepsy, such as Lennox-Gastaut Syndrome, Dravet Syndrome, Myoclonic-Atonic Epilepsy and Jeavons Syndrome [1] . However, as the number of reported cases increases, a proper epileptic phenotype is emerging and CHD2 myoclonic encephalopathy has been delineated as a rare condition that begins in the second year of life with myoclonic seizures, absences, tonicclonic seizures, and clinical photosensitivity [2] . The presence of visually self-induced seizures and atonic-myoclonic seizures has been hypothesized to be a hallmark of the syndrome by the same authors but, unfortunately, this suggestion was not supported by sufficient neurophysiological data.
Fixation-off sensitivity (FOS) is a phenomenon characterized by the appearance of posterior or generalized epileptiform discharges at the EEG induced by elimination of central vision or fixation that may either manifest clinically with seizures or only represent an EEG abnormality. It can be easily elicited in the EEG-Laboratory during conditions such as closed eyes state, complete darkness, or by impeding fixation with modified Ganzfeld stimulation (using a large white surface without visual cues), and Frenzel lenses [3] .
We report the first polygraphic documentation of self-induced myoclonic seizures due to FOS in a patient with epilepsy due CHD2 mutation.
Case report
This is a 6-year old boy without relevant personal and familiar antecedents. At the age of 3 years, he started with episodes of transitory loss of consciousness associated with jerks of the upper limbs and backward extension of the head, apparently without loss of postural control. He never experienced other types of seizures. Cognitive assessment showed a developmental quotient of 72 and behavioral disturbances with hyperactivity and tendency to isolation. Brain MRI was normal. Video-EEG recording showed a normal background activity and intermittent bursts of generalized spike and polyspike waves, enhanced by eye closure, sometimes associated with single or repetitive jerks of the upper limbs. Intermittent photic stimulation induced a discharge similar to that observed at the eye closure. The diagnosis of "Myoclonic Epilepsy" was made and the genetic test with Next Generation Sequencing evidenced a de novo c.2005 G > T mutation in the CHD2 gene.
Valproate and clonazepam were given with seizure remission but, after one year, he started with daily visually self-induced seizures that typically occurred while the child is staring at a white wall (Fig. 1A-B) . Seizure occurred only during wakefulness.
For these reasons at the age of 5 years, we performed a videopolygraphic study and we documented that epileptic abnormalities, often accompanied by repetitive myoclonic jerks without atonic phenomenon, appeared after 1-3", not only in relation with the eye-closure but also by impeding fixation with a blank page at 10 cm from the eyes ( Fig. 2A-B) . The same epileptic discharges disappeared when the eyes were re-opened or when the fixation was regained, as observed for FOS phenomenon. Furthermore, we repeated the intermittent photic stimulation and we observed that photoparoxysmal response disappeared with the eyes opened (Fig. 2C-D) .
During sleep the epileptic abnormalities occurred as intermittent generalized spike and wave complexes, isolated or grouped in very brief bursts of electrographic generalized polyspike and wave complexes. The whole night EEG monitoring showed a preservation of sleep architecture with an almost complete cessation of the epileptiform activity during REM sleep.
Discussion
Our case shares very similar findings with the patients with CHD2 mutation and epilepsy reported [2] including age at epilepsy onset, the normal development before seizure onset and, above all, the predominance of myoclonic seizures. The presence of visually self-induced seizures as a distinctive feature of the syndrome has been only recently remarked but there is no evidence of the mechanism involved in this type of seizures.
In our patient, we demonstrated as elimination of central vision or fixation, can elicit almost continuous epileptiform activity and clinical seizures, that disappear immediately at eye opening. This means that self-induction of seizures, was obtained through the FOS. This is an intriguing phenomenon with unknown exact mechanism, associated with a wide spectrum of epileptic syndromes, idiopathic or symptomatic, focal or generalized, mainly with occipital onset (i.e. Gastaut epilepsy). It is likely related to an imbalance of cortical activity toward an enhanced excitatory transmission in the peri-striate visual areas [3] . Interestingly, in CHD2-epilepsy a causative role of progressive posterior cerebral atrophy cannot be excluded [2] even if it is not evident in patients in early infancy.
Whether previously reported, the presence of photosensitivity in CHD2-epilepsy is not always searched or properly studied [1] . Notably it has been reported [2] that clinical photosensitivity can occur in these patients particularly while watching television and that CHD2 mutation represents an increased risk for photosensitivity alone or associated with epilepsy [4] .
In the present case due to the young age at the first evaluation, it was difficult to test the photic stimulation with the eyes opened. The re-test at older age, when he was more collaborative, showed that epileptic abnormalities were induced from eye closure more than by photic stimulation alone. Therefore, our study can explain that visual-sensitive seizures and photosensitivity, at least in some patients with CHD2-epilepsy, are related with a FOS phenomenon suggesting a possible physiopathogenic mechanism in this genetic epilepsy.
Other than photo-induced seizures, the occurrence of atonicmyoclonic seizures has been suggested itself as a second proper feature of this type of epilepsy [2] . Our patient never experienced falls and we clearly documented that myoclonus was not associated with any atonic component among the anti-gravitary muscles.
We have no conflict of interest to declare. In conclusion our study adds relevant features to the CHD2-epilepsy phenotype and confirms that CHD2 mutations can produce a distinctive form of myoclonic epilepsy with visualsensitive seizures associated with FOS.
